Introduction
The anaerobic setting within the large intestine of warmblooded animals is considered the primary habitat of Escherichia coli; here E. coli populations readily replicate. However, a crucial part of E. coli's life cycle is fecaloral transmission between animal hosts. Large numbers of E. coli cells are released to the environment (with fecal matter) and they reach the new host through water or food. Outside the hosts these bacteria are exposed to a largely aerobic setting.
Escherichia coli transmission to other hosts depends mainly on environmental conditions and its aptitude to survive in this aerobic environment [1] , although some E. coli strains may have evolved to grow outside of the host [2] . At the same time most E. coli strains survive short periods of time outside the host [1] , this is why E. coli is considered a good indicator of fecal contamination.
Escherichia coli, and other members of the family Enterobacteriaceae, use different metabolic pathways (anaerobic respiration, microaerobic respiration and fermentation) to obtain energy from organic compounds (in animal's guts), under either low oxygen or anaerobic conditions [4] [5] [6] ; therefore it is intriguing that aerobic respiration is a universal property in E. coli strains.
Although aerobic respiration is the most efficient way to obtain energy from organic matter [3, 4] , it is energetically demanding as it requires many genes and the synthesis of several molecules that are part of complex systems such as: signal transduction, gene transcription and electron transport [1, 4, 6] . It is paradoxical that a bacterium which replicates mainly in a microaerophilic and anaerobic habitats, conserves genes for growth under fully aerobic conditions; bacterial genes are prone to inactivation unless there is a strong selective pressure
El rol de la respiración aeróbica en el ciclo de vida de Escherichia coli:
Implicaciones para la salud pública
Resumen
Se piensa que el hábitat principal de E. coli, es anaerobio (los contenidos intestinales de animales de sangre caliente). Sin embargo la transmisión de E. coli de un hospedador a otro requiere la eliminación de esta bacteria (por medio de las heces) a un medio rico en oxígeno. Nosotros proponemos que E. coli usa la respiración aerobia para multiplicarse masivamente en las heces. Para probar esta hipótesis nosotros incubamos heces fecales de aves en presencia y ausencia de oxígeno. Nuestros resultados sugieren que el crecimiento aerobio en las heces es una parte crucial en el ciclo natural de esta bacteria. Esta caracterís-tica puede ser común a otros miembros de la familia Enterobacteriaseae.
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In the other hand, a previous report has demonstrated that E. coli can grow in fecal matter outside of the host and the authors suggested that aerobic respiration may be important component of this growth [8] . In this study we tested the hypothesis that E. coli uses oxygen to quickly multiply in fecal matter. We argue that using its resources for this quick amplification may enhance its chances of finding another host.
Materials and Methods
Fresh stool samples were obtained from a chicken [n=8]. Each sample was separated in two aliquots and weighed separately. The first aliquot was immediately plated out and cultured for 24 hours at 37
• C in Chromocult Coliforms agar (Merck ); E coli was identified by β-glucoronidase activity. The second aliquot was placed into a Petri dish and left in a 21
• C after which this aliquot was cultured as previously.
In a subsequent experiment, fresh chicken stool samples were collected [n=10], separated in two aliquots and weighed. One part was placed in an open pouch and the other was placed in an anaerobic pouch (BD GasPak EZ Anaerobe Pouch System, 260683). The samples were left for 24 hours in a 21
• C environment. E. coli were enumerated as in the previous experiment. Statistical analyses and figures were carried out in the RStudio software Version 0.98.1091 -c 2009-2014 RStudio, Inc.
Results y Discussion
Colony counts in fecal samples incubated for 24 hours at room temperature were significantly higher than colony counts of fresh fecal matter (Figure 1 ). To determine whether oxygen was involved in the high growth rates outside the intestine, a second experiment was carried out under both an aerobic and anaerobic conditions. The samples exposed to an aerobic environment showed a significant higher growth than those cultured under anaerobic conditions (Figure 2 ). Our experiments support the idea that the E. coli population multiply in fecal matter in the presence of oxygen, which may increase the chances of E. coli to colonize new hosts. The approximate increase in colonies (at least 10 fold) suggests that aerobic replication in fecal matter is a critical part in E. coli's natural cycle (and possibly in the cycles of other members of Enterobacteriaceae including pathogens such as Salmonella).
Escherichia coli is a minor component of the animal microbiome probably because of high competition with anaerobic bacteria such as Bacterioides or Clostridium; however, once the intestinal content is exposed to oxygen, E. coli gains the competitive advantage and overgrows anaerobic bacteria. We propose that aerobic growth in fecal matter is a critical phase in E. coli's natural life cycle. These findings underline the importance of a neglected phenomenon which has large implications in environmental sanitation and public health.
